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5. Conduct carefully designed model experiments to address the science 
questions relating to the various instrument-measured and paleoclimate data
and to identify "targets" for modeling and prediction studies.
6. Conduct studies of decadal predictability with statistical and dynamical 
models to estimate forecast skill and lead time for the various decadal 
variability phenomena.
7. Make all model output widely available for analysis.
8. Form a panel consisting of decadal variability researchers, applications 
experts, and government officials to develop an integrated applications 
studies program and to monitor its progress.
9. Set up an observing program component for long term monitoring and 
specialized observations of the decadal climate variability phenomena.
10. Organize Workshops every two years to assess the progress of the 
program.22
boundary currents, ocean convection at high latitudes, and the ITCZ; high computational
speed to facilitate ensembles of multicentury integrations; 'plug compatibility' of the
constituent components and modules; uniformity in model outputs for relatively easy
intercomparison; and physically-based schemes of 'spin-up' and initialization.
The study of decadal and longer time scale climate variability, natural and
anthropogenic, requires multicentury long integrations of the coupled/uncoupled ocean-
atmosphere-land models. Due primarily to mismatches between the fluxes provided by the
atmosphere model and those required by the ocean model to maintain its climatology, the
climate of a coupled ocean-atmosphere system deteriorates from that simulated when the
two components are integrated separately.  In some of the current global climate models
used for studying anthropogenic climate change and decadal climate variability, this
problem is mitigated by adjustment of  heat and freshwater fluxes.  The aim of this device
is to obtain an average annual cycle of the model climate that is close to the average
observed annual cycle.  This so-called 'flux adjustment' allows multicentury long
experiments with the global climate models but its role in the model-generated climate
variability and change is not known.  In the next generation of global coupled ocean-
atmosphere-land models developed specifically to study decadal and longer term climate
variability, 'flux adjustment' must not be used.  It might help if a global coupled model is
developed as one entity and, if necessary, 'tuned' as one entity.
One of the major causes of decadal and longer time scale climate variability is likely
to be the variability of thermohaline ocean circulation.  The convection that causes this
circulation occurs in regions that are only a few square kilometers in area.  A global ocean
model must include this high-resolution phenomenon in order to have a realistic
thermohaline circulation.  Therefore, either the model should be integrated on a high-
enough resolution grid (which, in the near term, is not practical) or some other way such as
adequate parameterization of the convection must be found for this purpose.  Another likely
cause of decadal climate variability is the nonlinear instability of western boundary
currents.  These ocean currents are typically 10-100 kilometers wide, so a global ocean
model must have adequate grid spacing to resolve these currents.  Studies of interaction
between decadal and interannual climate variabilities also require high resolution ocean
models because equatorially-trapped ocean waves are associated with the major interannual
variability phenomenon, the ENSO.  Therefore, the spatial resolution of the ocean model
should be high enough, at least near the Equator, in the convection regions, and in the
boundary current regions, to resolve these important phenomena.
The atmosphere models also must have high resolution.  Accurate simulations of
the Inter-Tropical Convergence Zone (ITCZ) are required since the ITCZ is likely to be
playing an important role in the decadal variabilities of the ENSO and the tropical Atlantic
climate system.  High resolution may also be required for the midlatitude atmosphere to
respond to underlying SST anomalies via modification of baroclinic eddy activity.  The
small-amplitude but long-lasting decadal anomalies in precipitation, surface air temperature,
surface air humidity, and soil moisture must be simulated and predicted accurately to be
useful in societal applications.  The study of the impacts of climate variability on public
health also requires atmospheric conditions in the first kilometer from the surface.  These
requirements predicate high-enough resolution atmosphere models and realistic
representations of convective and other types of clouds, cloud-radiation interaction, the
atmospheric boundary layer, and ground hydrology.  Since the freshwater from the mid-
high latitude river runoff is likely to be important in the oceanic thermohaline circulation
and its variability, the ground hydrology model must be able to estimate river runoffs
reasonably accurately.  Another source of freshwater at high latitudes is sea ice which is
also very important in controlling ocean-atmosphere heat transfer.  Both thermodynamics
and dynamics of sea ice must be modeled reasonably accurately.
Although the above arguments indicate the need for high resolution in the
atmosphere and ocean of a climate system model in order to better represent the physical
processes involved, there is a trade-off between resolution and the duration of run possible28
As mentioned earlier, the decadal-multidecadal variabilities of the ENSO and the
tropical Atlantic climate variabilities have been associated with variability of regional/global
climate.  It is not known, however, whether successful decadal climate forecasts can be
translated to mitigation/exploitation of the anomalous climate impacts on society.
Therefore, the same high priority given to addressing the science questions should be
accorded to addressing the questions of assessing societal vulnerability to decadal climate
variability and applicability of decadal climate forecasts to societal impacts.
The earlier-mentioned diagnostic studies should result in better
quantification/identification of characteristics of decadal variability of land and ocean
surface climate since the archived, long time series are of surface climate quantities.  The
paleoclimate data will also provide information about decadal variability of land surface
climate.  In order to understand mechanisms of decadal climate variability, especially the
roles of ocean-atmosphere interaction and ocean dynamics, long-term measurements of
temperature, velocity, and salinity of surface and subsurface ocean are required.  An array
of buoys for such measurements, the TOGA-TAO array, already exists in the equatorial
Pacific and planning for a pilot project, the PIRATA, to install such an array in the
equatorial Atlantic is well under way.  The preliminary analyses of long time series of SST
measurements in the tropical Pacific and Atlantic Oceans indicate that the decadal signal is
strongest in the tropics-subtropics and not at the Equator.  If these results are confirmed by
more detailed analyses of the archived data, the TAO and PIRATA arrays should be
expanded to include the tropical-subtropical regions of the Pacific and Atlantic Oceans, and
should be maintained permanently.
As the foregoing shows, decadal time scale climate variability is a scientific problem
whose time has come and whose impacts on the global society are perhaps longer lasting
and therefore more serious than the impacts of interannual climate variability.  The two
recommended high priority phenomena promise large returns in terms of challenging
science and societal benefits if adequate resources are invested in this program.  Of the
other potential phenomena, decadal variability of the North Atlantic and North Pacific
climates has already attracted serious attention from researchers.  The field of decadal
climate variability is evolving rapidly, requiring at least one annual meeting devoted to this
subject.  In the next few years, the list of high-priority phenomena may change, but the
field of decadal climate variability and its societal impacts will continue to be more and
more important .  It is hoped that the preliminary results presented in this Workshop and
the enthusiasm of participants will convince funding agencies to invest the necessary
resources in this program.